Background: Hepatitis A virus (HAV) is a common cause of mild to acute hepatitis among children and adolescents, worldwide. Objectives: The aim of this study was to investigate the complete sequence of isolated HAV from a child with acute hepatitis. Methods: A serum sample was collected from a child with clinical sign and symptoms of acute hepatitis. Following RNA extraction, the genotype of the virus was determined based on sequencing of VP1-2A region of the isolated HAV genome. The whole HAV genome was sequenced by the nested polymerase chain reaction (PCR) using specific primers. The size of the complete length of isolated HAV genome, 5UTR (Untranslated Region), and 3UTR were determined. The amino acid sequencing of single polyprotein, including VP1 and VP3 regions, were analyzed using the BioEdit software. To evaluate the isolated HAV genome, phylogenetic tree was conducted to analyze the complete HAV Genome, 5UTR, and VP1-2A regions of the isolated HAV. Simplot and RDP4 analyses were accomplished to confirm recombination in the genome of the sequestered HAV strain in Ahvaz city. Results: The sequestered HAV/Ahvaz/Iran/2015 was recorded with an accession number BankIt 2063303 MG 546669 in GenBank. The complete HAV sequence of the isolated HAV comprised of full length of 7239 nt, 5'UTR 619 nt, 3'UTR 21nt, and an open reading frame (ORF) encoding single polypeptide of 2200 amino acids (6600 nt). The whole sequences of isolated HAV strain Ahvaz/Iran/2015 showed 96% and 95% nucleotide identity with prototype strain HAV 1B isolated from Egypt (96%), South Africa (95%), and HM 175 (95%) strains, respectively. The complete amino acid sequence of the VP1 region of the isolated HAV showed 100% identity with HM175 and 99% identity with isolated HAV from Egypt and South Africa. The detected HAV was identified as HAV genotype 1B. A mutation was observed in the amino acid sequences of VP3 region of the isolated HAV; this mutation showed substitution of isoleucine (I) with Arginine at position 433 amino acid sequence compared with the consensus sequences in amino acid of HM 175 strain. The results of RDP4 showed no evidence of recombination in the isolated strain HAV/Ahvaz/Iran/2015 genome. Conclusions: The isolated HAV was genotype1 B, comprised of full length of 7239 nt, 2200 amino acid. The complete amino acid sequence VP1 region of the isolated HAV showed 100% homology identity with HM175 and 99% with isolated HAV in Egypt, South Africa. A mutation was observed in the amino acid sequences of VP3 region of the isolated HAV, this mutation showed substitution of isoleucine (I) with Arginine at position 433 amino acid sequence compared with the consensus sequences amino acid of HM-175 strain. No evidence of recombination was observed in the isolated strain HAV/Ahvaz/Iran/2015 genome.
sid polypeptides VP1 to VP4, whereas P2 and P3 sections produce non-structural polypeptides. Hepatitis A virus genome is made up of two untranslated regions (5'UTR and 3'UTR) with a small poly (A) tail (4, 5) . The HAV structural surface protein is composed of immunogenic neutralization sites (6) . Analysis of the whole genome sequence has proved that HAV possesses six genotypes. Genotypes I, II, III, and VII are responsible for acute hepatitis in humans.
Genotypes I and III have sub-genotypes A, B, and C. So far, genotypes IV, V, and VI have been detected in monkeys and pigs (5, 7) . Currently, the complete genomic HAV sequences of genotypes IA, IB, IIA, IIIA, and IIIB have been investigated in Uruguay Egypt, France, and Japan, respectively (8) (9) (10) (11) . Genotype 1 is more dominant and sub-genotype 1A is more prevalent worldwide. The subgenotype 1A is spreading in south and North America, Europe, Asia, and Africa, while IB is prevalent in Australia, the Middle East, and South Africa (12) (13) (14) (15) (16) . The circulation of genotype 1B has been reported in Ahvaz city, Iran (17) . Additionally, co-circulation of multiple genotypes has been documented in different regions around the world (18, 19) . Hepatitis A virus is endemic in Iran and the sero-prevalnace surveys of HAV have ranged from 50% to 80% in the Iranian population (20, 21) .
Objectives
This study aimed at isolating HAV RNA from the serum of a male child with signs of acute hepatitis and analyzing the entire sequence of HAV genotype IB genome isolated in Ahvaz city, Iran, during year 2015. This research also aimed at evaluating nucleotide sequences of 5 UTR region, VP1-2A vicinity and full-length HAV genome by analysis of phylogenetic trees, and analyzing the entire amino acid sequence of VP1 and VP3 regions of HAV IB and detecting any evidence of amino acid substitution, which might lead to mutation. Attempts were also made to assess presence of any recombination evidence in the entire nucleotide sequences of the isolated HAV genotype IB strain.
Methods

Ethics Statement
This project, with the registration number AJUMS OG-94146, was approved by the Ethics Committee of Ahvaz Jundishapur University of Medical Sciences Ahvaz, Iran. Consent was obtained from the child's parents.
Patient
Serum sample was collected from a 10-year-old male child with acute hepatitis, hospitalized at Abozar hospital, Ahvaz city, Iran, in August 2015. The clinical signs and symptoms of the patient were fatigue, nausea, anorexia, vomiting, fever, hepatomegaly, dark urine, and jaundice. Laboratory examinations showed elevated liver enzymes AST: 536 U/L, ALT: 782 U/L, alkaline phosphatase: 1630 U/L, total bilirubin: 5.8 mg/dL, direct bilirubin: 3.6 mg/dL, total protein: 7.7 g/dL, albumin: 3.8 g/dL, WBC: 7000/mm 3 , Hb:
11.6 g/dL, platelet: 316000/mm 3 , and ESR: 38 mm/h. Coagulation studies showed PT: 13 seconds and PTT: 31 seconds. Serum amylase, blood sugar and serum sodium, potassium, BUN, and creatinine were within the normal range. The patient serum was positive for anti-HAV antibody (IgM) yet negative for HbcIgM, HBsAg, and HCV antibody (Diapro, Italy), according to the manufacturer's instructions.
RNA Extraction and Real Time-Polymerase Chain Reaction
Viral RNA was extracted from the patient serum using a QIAamp viral RNA minikit (Qiagen, Westburg, Netherlands), following the manufacturer's instructions. The cDNA was prepared using cDNA synthesis thermo kit (Cat. NO.K1622), according to the manufacturer's instructions. Initially, the RT-PCR was carried out for the detection of 5'UTR (untranslated region) and VP1-2A regions of the isolated HAV genome to determine HAV genotyping.
Semi-Nested Polymerase Chain Reaction for 5UTR
The semi-nested polymerase chain reaction was used for the detection of 5UTR of the isolated HAV genome using specific primers (Table 1 ). In the first round, total volume of 25 µL reaction mixture containing 2.5 µL of cDNA synthesis reaction mixture, 1 µL of 10 µM each of primer, 12.5 µL PCR 2X master mix (CinnaGen, Iran), and 8 µL of nucleasefree water was subjected to the thermal cycler (TeQlab, Germany). The thermal conditions were programmed with denaturation step for four minutes at 95°C during 30 cycles, followed by 30 seconds at 95°C, annealing for 45 seconds at 55°C and extension for 30 seconds at 72°C and final extension step for eight minutes at 72°C. In the second round PCR, the reaction mixture contained: 2.5 µL of the first round PCR product was used as a template, 1 µL of 10 µM each of primer, 12.5 µL PCR 2X master mix (CinnaGen, Iran), 2 µL DMSO and 7 µL nuclease-free water was subjected to thermal cycler for 30 cycles. The same thermal condition, as mentioned in the first run, was also used for the second run. The PCR products were analyzed by electrophoresis through 2% agarose gel. The predicted PCR product size for 5'UTR was 281 bp. 
Nested Polymerase Chain Reaction for VPV1-2A
The nested polymerase chain reaction was used for the detection of VP1-2A of the isolated HAV genome using specific primers (Table 1 ). For the first round, the reaction mixture contained 2.5 µL of cDNA synthesis reaction mixture, 1 µL of 10 µM each of primer, 12.5 µL PCR 2X master mix (Sina Gene, Iran), and 8 µL nuclease-free water was subjected to thermal cycler (TeQlab, Germany). The thermal conditions was programmed with a denaturation step for four minutes at 95°C, followed by 30 cycles: 30 seconds at 95°C, annealing for 45 seconds at 55°C and extension for 30 seconds at 72°C and final extension step for eight minutes at 72°C. In the second round, the reaction mixture comprised of 2.5 µL of the PCR product, first round was used as a template, 1 µL of 10 µM each of primer, 12.5 µL PCR 2X master mix (Sina Gene, Iran), 2 µL DMSO, and 7 µL nuclease-free water was subjected to thermal cycler for 30 cycles. The same thermal condition, as mentioned in the first run, was used for the second run. The PCR products were analyzed by electrophoresis through 2% agarose gel. The predicted PCR product size for VP1-2A was 234 bp (17) .
Based on the results of sequencing and blasting of 5 UTR (untranslated Region) and VP1-2A, the isolated virus was determined as HAV genotype 1B. Thus, based on these results, the complete sequence of the isolated HAV genome was generated using specific primers (Table 2) (22).
Complete Genome Sequencing of the Isolated HAV IB
The nested PCR was carried out for the complete genome of the isolated HAV IB using specific primers (Table 2) (22) . For the first round, the reaction mixture contained 2.5 µL of cDNA synthesis reaction mixture, 1 µL of 10 µM each of primer, 12.5 µL PCR 2X master mix (Sina Gene, Iran), and 8 µL nuclease-free water was subjected to the thermal cycler (Teqlab, Germany). The thermal conditions was programmed with a denaturation step for four minutes at 95°C; followed by 30 cycles for 30 seconds at 95°C, annealing for 55 seconds at (50 to 59°C) and extension for 30 seconds at 72°C and final extension step eight minutes at 72°C. For the second round, the reaction mixture comprised of 3.5 µL of the first run product as the template, 1 µL of 10 µM each of primer, 12.5 µL PCR 2X master mix (Sina Gene, Iran), 2 µL Dimethyl sulfoxide (DMSO), and 6 µL nuclease-free water, and was subjected to thermal cycler for 30 cycles. The same rhermal conditions, as mentioned in the first run, was used for the second run. The PCR products were analyzed by electrophoresis through 2% agarose gel. The expected PCR products and size were 650 to 750 bp.
The amplicons of different segments of whole HAV genome was sequenced by ABI 3730xl DNA sequencer (Applied Biosystems, USA). Next, the recorded sequences were aligned and the overlapped sequences were trimmed using the Snap gene tool software. The whole sequences of the HAV genome was blasted to determine the rate of identity of the isolated HAV, with the other completed sequences of the HAV genomes isolated in different regions with accession numbers registered in NCBI [National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/BLAST/)]. The complete sequence of HAV genome was sent to Gene Bank to obtain the accession number.
Sequence and Phylogenetic Tree Analysis
The nucleotide sequences of 5UTR, VP1-2A, and complete sequence of the isolated HAV genome were aligned with the following different HAV genotypes isolated from different regions of the world, using the Clustral W method. The tree topology was built according to the maximum-likelihood under the Tamura-Nei substitution model with the site heterogeneity gamma and invariant sites using the MEGA 6 software. The scale bars represent the frequency of nucleotide substitutions. The accuracy of the tree was assessed by 1000 bootstrap replicates (23) .
The phylogenetic tree with maximum likelihood was constructed for 5'UTR sequences of the isolated HAV strain using the Mega 6 software. The phylogenetic tree with maximum likelihoods was constructed for nucleotide sequences of the VP1/2A region of the isolated HAV IB using the mega 6 software. To do this, the following reference strains were retrieved from GenBank: AB279735. 
The Amino Acid Analysis of VP1 and VP3
The entire amino acid sequence of VP1 and VP3 of the isolated HAV was compared to amino acid sequences of HAVIB isolated from different regions of the world using the BioEdit software version (7.1.11).
Analysis of Similarity and Recombination Event
The SimPlot methods (version 3.5.1) was used for analysis of similarity among the HAV genomes (24) . The criteria for similarity plot analysis of the entire genomes of isolated HAV strain with other isolated HAV strains retrieved from gene bank were programmed with a sliding window of 200 nt moving in 20-nt steps, Kimura 2-parameter distance, and T/t = 2, neighbor joining (24) . The RDP4 is the current model of recombination detection program (RDP), a Windows computer program that implements an immense arrangement of methods for identification and envisaging recombination in, and clear confirmation of recombination from, virus genome sequence alignments. The modernity in RDP4 includes (1) recognition between recombination and genome segment assortment, (2) the assessment of recombination breakpoint confidence intervals, (3) a diversity of 'recombination enlightened' (4) visualization of multiple recombination events, and (5) a new assay to identify the impacts of gene arrangements, encoded protein structure, nucleic acid secondary structure, nucleotide composition, and nucleotide diversity on recombination breakpoint patterns (25) . Therefore, as mentioned above, the RDP4 was used for the evidence of recombination in the isolated HAV genome from Ahvaz.
Results
HAV/Ahvaz/Iran/2015 strain was isolated from a serum sample of a patient with clinical sign and symptoms of acute hepatitis, positive for HAVIgM in Ahvaz city, Iran, August 2015. The complete genome of the isolated HAV strain from a patient (Ahvaz strain) under accession number BankIt 2063303, MG546668 was deposited in the Gene Bank (NCBI). The results of alignment of complete sequence of HAV/Ahvaz/2015 showed that the isolated strain was HAV genotype 1B. The isolated HAV genotype 1B strain was 7239 nt in length, with a 619 bp 5'UTR, 21bp 3'UTR, and an ORF encoding a polypeptide of 2200 amino acids.
A resemblance rate of 98% to 99% was procured when contrasting the 619 nucleotides of the Iranian 5UTR region of the HAV isolated strain with references KX228694.1 HAV IB/Egypt/2015and HM175 M14707.1 HAV IB (HM-175, wild type), respectively. A similarity rate of 99% was procured when comparing nucleotides of the Iranian VP1-2A region of the HAV isolated strain to HAV genotype 1B references AAA45466.1 HAV IB HM175 strain (Australia), APD15889.1 HAV IB/Egy/2015, and APD28352.1 HAV IB South Africa. A similarity rate of 95% to 96% was obtained when comparing the 7239 nucleotides of the Iranian full genome of the HAV isolated strain to references KX228694.1 HAV IB/Egypt/2015, South Africa (KY003229.1 and HM175 M14707.1 HAV IB (HM-175, wild type), respectively.
Results of Phylogenetic Tree Analysis of 5UTR
The results of phylogenetic tree analysis of 5UTR of the HAV (BankIt 2063303, MG546668) showed that it formed a cluster with other isolated HAV genotype1, KX228694.1 HAV IB/Egypt/2015, South Africa (KY003229.1 and HM175 M14707.1 HAV IB (HM-175, wild type) (Figure 1 ).
Results of Phylogenetic Tree Analysis of VP1-2A
The results of phylogenetic tree analysis of VP1-2A of the HAV (BankIt 2063303, MG546668) showed a phylogenetic cluster with other isolated HAV genotypes IB, including, AAA45466.1 HAV IB HM175 strain (Australia), APD15889.1 HAV IB/Egy/2015 and APD28352.1 HAV IB South Africa ( Figure  2 ).
Results of Phylogenetic Tree Analysis of Complete Sequence of the HAV Genome
The results of phylogenetic tree analysis of complete sequence the HAV (BankIt 2063303, MG546668) displayed a phylogenetic cluster with other isolated HAV genotype IB, KX228694.1 HAV IB/Egypt/2015, South Africa (KY003229.1 and Australia HM175 M14707.1 HAV IB (HM-175, wild type) (Figure 3 ).
Analysis of Amino Acid Sequences of VP3 and VP1
The results of BioEdit showed the substitution of isoleucine (I) with arginine was found in amino acid se- 
The Analysis of the Simplot and RDP4 Methods
The analysis of simplot revealed that the completed sequences of isolated HAV IB exhibited 95% to 96% similarity with almost all HAV IB, KX228694.1 HAV IB/Egypt/2015, South Africa (KY003229.1 and HM175 M14707.1 HAV IB (HM-175, wild type) isolated from different regions of the world ( Figure 6 ). The results of RDP4 program revealed no evidence of recombination was found in the isolated Jundishapur J Microbiol. In Press(In Press):e83965. 7 strain HAV/Ahvaz/Iran/2015 with other different HAV isolates from different regions of the world retrieved from gene Bank.
Discussion
Molecular description of HAV is important for comprehension, its spreading pattern, and evolutionary relationships. In this study, the HAV genome was isolated from a serum of a 10-year-old child with clinically suspected acute hepatitis. The full sequence of HAV genome (strain HAV/Ahvaz/Iran/2015) was determined. This investigation is the first comprehensive study on complete sequences of HAV genotype IB in Iran. Based on the results of sequencing of 5UTR and VP1-2A regions, the isolated HAV was found to be genotype IB with accession number BankIt 2063303 MG 546669. These findings might indicate a sign for more extensive consideration of other HAV strains in Iran. The isolated HAV comprised of full length of 7239 nt, 5'UTR 619 nt, 3'UTR 21nt, and an ORF encoding single polypeptide of 2200 amino acids (6600 nt).
The whole sequences of the isolated HAV strain Ahvaz/Iran/2015 showed 96% and 95% nucleotide identity with prototype strain HAV 1B isolated from Egypt (96%), South Africa (95%), and HM 175 (95%) strains, respectively. The results of phylogenetic tree of HAV 5UTR sequence revealed that the isolated HAV IB (BankIt 2063303 MG 546669) was located on one branch of the tree along with isolated HAV IB from, Egypt, Thailand, Australia (16, 26, 27) , and South Africa South Africa (KY003229.1) (Figure 1) . The results of phylogenetic tree of VP1-2A sequence revealed that the isolated HAV IB (BankIt 2063303 MG 546669) had been clustered on one branch of the tree along with isolated HAV IB from Egypt, Thailand, Australia (16, 28, 29) , and South Africa (APD28352.1).
The results of phylogenetic tree of complete sequence of HAV revealed that the isolated HAV IB (BankIt 2063303 MG 546669) was located on one branch of the tree along with the complete sequences of HAV IB from Egypt, Thailand, Australia (16, 26, 27) , and South Africa South Africa (KY003229.1) (Figure 1) . Thus, based on the evaluation of 5UTR and VP12-A and the complete sequence of the HAV isolated from different regions of the world, it was confirmed that the isolated HAV strain from Ahvaz was a genotype IB. Nejati et al. reported that the circulation of HAV genotype 1B among children with acute hepatitis A was dominant in Ahvaz city, Iran (17) . The molecular epidemiology of HAV is limited in Iran and it is required to be investigated in different parts of Iran. Figure 6 . Shows the similarity of different HAV genotypes including HAV genotype 1B with the isolated HAV from Ahvaz subtype IA and HAV subtype IIIA yet no evidence of recombination occurred among the different HAV genotypes. He concluded that although the amino acid sequences of capsid protein among the HAV sub-genotypes were conserved, the presence of intra-typic recombination episodes might still play an important role in HAV evolution (29) . In Iran, according to seroprevalence data from mid-2013, there is a common rate of HAV seroprevalnace while in rural areas it occurs with high seroprevalence (17, 20, 21) . These alterations have developed from improvements in hygiene, sanitation, and the standards of drinking water, and represent enhancement in the living standards and socioeconomic progress. In some countries, such as Japan, the figure of hepatitis A cases have reduced continuously since the 1990s due to ameliorated sanitary conditions (31).
Conclusions
The HAV RNA was isolated from serum of a child with symptoms of acute hepatitis. The entire HAV genome genotype IB was sequenced. The single polyprotein of isolated HAV IB comprised of 2200 amino acids. The complete amino acid sequence VP1-2A region of the isolated HAV showed 100% homology identity with HM175 and 99% with isolated HAV in Egypt, South Africa. The whole amino acid sequences of VP3 gene region of the isolated HAV at location 433 contrasted with the consensus sequence amino acid exhibited an isoleucine (I) substitution with arginine. Until now, such mutation has not been determined elsewhere. No evidence of recombination was observed in the isolated strain HAV/Ahvaz/Iran/2015 genome. The data on seroepidemiological and molecular data of HAV infections are limited in Iran, therefore, to implement preventive measures and control the spread of HAV, determination of HAV subgenotypes need to be investigated in other provinces of Iran, including Tehran, Fars, Isfahan, Khorasan, Kerman, Bushehr, and Gillan.
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